properly cited.
Introduction
Hip fractures, the second leading cause of hospitalization in the elderly [1] , cost over $9.8 billion annually in treatment [2] . With the aging US population, it is estimated that over 458,000 to 1,037,000 hip fracture incidents will occur by the year 2050 [3] . As the rate of hip fracture cases increases, so will the costs associated with treating a primarily geriatric patient population that faces longer recovery periods [4] , higher risks of opportunistic infections, and prolonged length of stay (LOS) [5] [6] [7] [8] . As the Center of Medicare and Medicaid Services (CMS) moves toward a bundled payment model that will reimburse hospitals based on the expected costs of episodes of care, it has become important to understand potential risk factors that are associated with increased inpatient expenses for hip fracture patients. In this context, identifying patient factors that predict resource utilization during inpatient hospitalization can aid in the establishment of a risk-adjusted reimbursement system. One potential risk-adjustment tool that has been considered by the government and other payers is the universally employed American Society of Anesthesiologist (ASA) classification system [9] . Utilized by anesthesiologists to assess a patient's preoperative health status, the ASA classification system assigns patients a score using a five-step scale ranging from normally healthy to moribund [10] (the appendix).
The ASA scoring system has been proven to be a reliable method for predicting LOS and costs associated with geriatric hip fracture patients [6, 11] . Garcia et al. recently demonstrated that a patient's ASA score was a stronger predictor of increased LOS and room and board charges than other well-known predictors of costs such as age, BMI, and comorbidities [6] . However, this study was limited in its scope, since service charges were not analyzed.
Based on the limitations of current literature, the distribution of costs and resources utilized within a patient's hospitalization remains extremely difficult to estimate. A few studies have demonstrated that comprehensive geriatric 2 Current Gerontology and Geriatrics Research assessment (CGR)-a multidimensional series of screenings that evaluate a patient's medical, psychosocial, and functional status-may be predictive of surgical outcomes among elderly patients [12] [13] [14] . However, CGR is a complex, labor intensive evaluation that may not be feasible for use in all tertiary care centers [15] . A single, ubiquitous tool such as the ASA score that is used in all hospitals may be more widely adopted in predictive models of inpatient expenditure on patients with hip fractures. Therefore, the purpose of the present study was to investigate whether a patient's ASA score is significantly associated with the charges of inpatient services provided during hospitalization of patients with hip fractures.
Methods
Upon approval from our institutional review board, a retrospective chart review was conducted using our institution's electronic medical records system and the current procedural terminology (CPT) code system. CPT codes describe medical, surgical, and diagnostic services provided by physicians and other medical professionals. The amount of payment provided for services is based on ResourceBased Relative Value Scales (RBRVS), which are determined by calculating the resource costs needed to provide these services. Physician services are identified with the CPT code which is then submitted to insurance companies or Medicare for reimbursement [16] .
Our institution is a level I trauma center that practices standard of care treatment where an orthopaedic surgeon is primarily responsible for the care of hip fracture patients. Gerontologists are consulted when needed. Patients were identified as study candidates using CPT code searches for those who had operative management of a hip fracture between January 1, 2000, and December 31, 2009 (CPT codes: 27125, 27236, 27236, 27238, 27244, and 27245). A total of 720 patients were identified using these inclusion criteria. Of these, 170 patients were excluded from analysis due to incomplete medical charts or age exclusion (<60 years). All patients were assigned ASA scores immediately before surgery. One patient with an ASA score of 1 and 2 patients with ASA scores of 5 were also excluded due to low sample sizes in those categories, leaving 547 patients for inclusion in this study.
The remaining 547 patients represented patients who underwent surgical management for an isolated low energy hip fracture who were also over 60 years of age and had complete medical records. The electronic medical charts of these patients were reviewed for information including age, gender, medical comorbidities, ASA score, date of admission, date of operation, date of hospital discharge, and type of operation via CPT code. The ASA score was assigned to each patient by the anesthesiologist before each operation. All inpatient services for these patients during their inpatient stays were obtained from the institution's financial services department. The tests and procedures for each patient were provided in line-item format via CPT code with associated charges for each item. These tests and procedures were subsequently organized into the six broad categories of CPT codes defined by the American Medical Association (AMA): anesthesia, surgery, radiology, evaluation and management, pathology and laboratory, and medicine [17] . Anesthesia (00100-01999 and 99100-99150) included anesthesia administration by an anesthesiologist or nurse anesthetist in a general, regional, or local method. Surgery (10021-69990) included all surgical procedures within ten body systems, including surgical packages and separate procedures. Radiology (70010-79999) included diagnostic imaging and services provided by radiologists and radiology technicians. Evaluation and management (99201-99499) included consultations and services by physicians, nurse practitioners, clinical nurse specialists, certified nurse midwives, and physician assistants. Pathology and laboratory (80047-89398) included clinical laboratory tests related to the blood and lymph. Medicine (90281-99199, 99500-99607) included all medical services and procedures.
17 medical comorbidities were also collected from patient charts utilizing a data management database at our institution. These included a hypertension, myocardial infarction, cardiac dysrhythmia, atrial fibrillation, atrial flutter, congestive heart failure, heart block, cerebrovascular disease, bleeding disorder, chronic obstructive pulmonary disease, emphysema, current smoker, past smoker, renal insufficiency, dialysis dependency, cancer, and diabetes.
Prior to analysis, the normality of the variable distributions was assessed via histogram and Kolmogorov-Smirnov statistic. The charges by CPT code and total number of services provided were not normally distributed. Therefore, the relationship between the preoperative ASA and the total number of services provided during the inpatient stay was assessed using the Kruskal-Wallis nonparametric analysis of variance. Similarly, a Kruskal-Wallis analysis of variance was also performed to identify the relationship between ASA score and total charges of these tests and procedures during the inpatient stay. These analyses were repeated to exclude any inpatient days prior to the day of surgery in order to correlate ASA score to strictly postoperative tests and procedures. The significance of the difference for each of these analyses of variance was evaluated according to a Bonferroni correction at an alpha of 0.05/7 = 0.007 to achieve a family-wise significance rate of 0.05 for each set of analyses. Linear regressions were performed using charges and number of services procedures performed as dependent variables with ASA score as an independent variable, controlled for age, gender, and the 17 comorbidities we collected during our chart review.
Results
720 patients who underwent hip fracture repair at our institution were found through our search. Patients who were under the age of 60 were excluded from analysis. Patients who had ASA scores of 1 ( = 1) or 5 ( = 2) were excluded from analysis due to the low sample size in these categories. After applying our exclusion criteria, 547 patients with complete medical records over the age of 60 were included in analysis. for our patient population. The mean age of our patient population was 78 years. The majority of our patients were female (66.4%). Average BMI was within the normal range (24.7). Figure 1 shows the average charge within six categories of service in relation to patients' assigned ASA scores. Average charges ranged from $10,923 to $15,555, with surgery comprising the highest proportion of charges for all three ASA classifications. Patients with an ASA score of 4 had the highest average inpatient charges ($15,555), followed by patients with a score of 3 ($12,180). Linear regression models controlled for age, gender, and 17 comorbidities showed that, for every increase in ASA score, there were statistically significant increases in charges for evaluation and management ($799.40, 95% CI $565.70-1033.10 < 0. An ASA score of 4 was associated with the highest average number of services (45.3) while a score of 2 was associated with the lowest (24.1). Linear regression models controlled for age, gender, and comorbidities showed that, for every increase in ASA score, there were statistically significant increases in number of services for evaluation and management (3.6, 95% CI 2.5-4.6, < 0.001), surgery (1.0, 95% CI 0.5-1.4, < 0.001), radiology (2.4, 95% CI 1.4-3.5, < 0.001), and medicine (1.4, 95% CI 0.9-1.8, < 0.001). There was also an increase in number of services by ASA score overall (11.2, 95% CI 8.3-14.1, < 0.001) (Figure 2) . Figures 3 and 4 show the average frequency of postoperative services and associated charges, respectively, based on ASA scores. Patients with an ASA score of 4 had significantly higher average total charges and frequency of services provided for all postoperative tests compared to all other ASA scores. The lowest total charge was associated with an ASA score of 2 ($10,098), followed by scores of 3 ($10,996) and 4 ($13,364). Each increase in ASA score was significantly associated with increases in postoperative evaluation and management charges ($612. and management services (2.9, 95% CI 2.0-3.8, < 0.001), number of surgical services (0.7, 95% CI 0.3-1.1, < 0.001), number of radiological services (1.5, 95% CI 0.7-2.3, < 0.001), number of medicine services (0.9, 95% CI 0.5-1.3, < 0.001), and total number of services provided (7.1, 95% CI 4.6-9.6, < 0.001) (Figure 4 ).
Discussion
Currently, more than 90% of hip fracture patients over the age of 65 have their hospitalization services covered by Medicare [4] . With the advent of the new bundled payment model, providers are reimbursed based on expected charges for episodes of care [18] . In this new system, reimbursement for treatment will be standardized for all patients, regardless of differences in patient factors that may increase the costs of care. While CGR may be a useful assessment of resource utilization in institutions where orthogeriatric specific management is utilized [19] , several factors limit its feasibility in the hospitals where standard of care treatment is provided [15] . The ASA classification system, which is a simple and widely used method of ranking patients based on their preoperative physical status, may be a valuable measure to incorporate in the development of risk-adjusted reimbursement model instead of a global method of payment.
Our investigation demonstrated that ASA scores could be used to predict the number of times inpatient services are provided and the associated charges within six categories of service. Our findings are corroborated by previous studies that have studied the association between ASA scores and hospital charges for hip fracture patients. Garcia et al. recently reported that ASA score was associated with increased LOS which correlated to increased room and board charges at a charge of $4503 per day of hospitalization [6] . In our study, which investigated service charges instead of room and board, we found that the ASA score is a useful method for predicting the frequency and charges of services required for hip fracture patients in our institution and others were similar treatment models that are provided.
The ASA classification was originally developed for use by anesthesiologists to determine risk of operative morbidity [20] based on patients comorbidities. In our study, we have shown that the ASA score can also be used to predict surgical resource utilization. In fact, surgery was disproportionately the most expensive category of service, composing 72%-88% of all charges and only 11%-21% of services provided. Therefore, surgical services may be the best area to focus on quality improvement initiatives in order to most effectively lower costs among hip fracture patients with high ASA scores.
Several reasons explain why surgical charges may increase with ASA score, especially within the postoperative period. The ASA classification system has been shown to be correlated with multiple factors that increase surgical resource utilization including infection [21] , reoperations [22] , intraoperative blood loss [23] , and duration of surgery [24] . Similarly, hip fracture patients with a greater number of comorbidities have been shown to be more likely to suffer postoperative complications that would require diagnostics and imaging [25] , which would explain the increase in radiology charges with ASA score. The number of evaluation and management services and charges also increased significantly with ASA score. One major reason for this is that patients with higher ASA scores are more likely to develop complications. In fact, Donegan et al. recently showed that ASA classification is strongly associated with medical complications that require interventions by a medical specialist or internist after hip fracture surgery [11] . Furthermore, patients with higher ASA scores are likely to have even higher charges than those reported in our study due to repeated readmissions required for complications. In fact, Radcliff et al. reported that a higher ASA score was associated with worse outcomes thirty days after surgery for male hip fracture patients [26] . Therefore, when considering the future costs of readmissions, patients with higher ASA scores would become an even greater financial burden to hospitals and physicians in a global payment system than demonstrated in our study.
Alternatively, patients with higher ASA scores did not require significantly more anesthesia or pathology services during their hospitalization. This may be due to several reasons. Unlike other categories of service such as evaluation and management, services provided by anesthesiologists are not prolonged throughout a patient's duration of hospitalization. Pathology services are not commonly utilized for orthopaedic trauma patients who sustained fracture. In fact, most patients in our study required only one clinical laboratory service regardless of ASA scoring.
Study Limitations.
Our study is limited as a retrospective chart review at a single level I trauma center. Although this study design minimized variability in hospital charges and patterns of practice, it also constrains the generalizability of our results to the general patient population and other medical centers. Because very few patients in our analysis were assigned an ASA score of 1 or 5, we could not include these patients in our analysis. We only controlled for 17 comorbidities in our linear regression model. Other medical comorbidities such as dementia and hepatic disease could also correlate to hospital resource utilization. We also did not consider whether medical conditions may have delayed surgical intervention for our patients. Moreover, the ASA classification system is limited by anesthesiologists' subjectivity in assigning scores, although moderate to substantial interrater A declared brain-dead patient whose organs are being removed for donor purposes reliability has been reported when limited to a single surgical specialty [27, 28] . A larger-scale, multi-institutional investigation would strengthen the argument of the use of the ASA score as a tool for predicting inpatient charges and services among the hip fracture population.
Conclusion
In accordance with past investigations that have demonstrated the predictive power of the ASA classification system in the treatment of hip fracture patients, we have shown that a patient's ASA score is associated with services and charges provided during inpatient hospitalization. Further studies are needed to determine whether the charges associated with ASA score are due to potentially preventable outcomes, such as the development of complications and the need of reoperations, or are necessary expenditure related to severe presentation of injury. Additional studies to look at a day-byday cost analysis would help identify the association between time and expenditure of resources on patients to help design future interventions to decrease cost. Although the new bundled payment model of reimbursement generalizes utilization of hospital services by episode of care, individualized clinical characteristics of geriatric hip fracture patients, including severity of condition, can have a major influence on hospital expenditure. Because the ASA score is a universally applied method of classification, it should be considered in future reimbursement models in the care of hip fracture patients.
